ABSTRACT
Using PubMed search strings for efficient retrieval of manual therapy research literature
ABSTRACT

Background
The aim of the study was to construct PubMed search strings that could efficiently retrieve studies on manual therapy (MT) for time-constrained clinicians.
Methods
Our experts chose eleven Medical Subject Heading (MeSH) terms describing MT along with 85 additional potential terms. For each term able to retrieve more than 100 abstracts, we systematically extracted a sample of abstracts from which we estimated the proportion of studies potentially relevant to MT. We then constructed two search strings: one narrow (threshold of pertinent articles ≥40%) and one expanded (including all terms for which the proportion was calculated). We tested these search strings against articles on two conditions relevant to MT (thoracic pain and temporomandibular pain). We calculated the number of abstracts needed to read (NNR) to identify one potentially pertinent article in the context of these conditions. Finally, we evaluated the effectiveness of the proposed PubMed search strings to identify relevant articles included in a systematic review on spinal manipulative therapy for chronic low back pain.
Results
Fifty-six search terms were able to extract more than 100 citations. The NNRs to find one potentially pertinent article using the narrow string were 1.2 for thoracic pain and 1.3 for temporomandibular pain, while the NNRs for the expanded string were 2.3 and 1.6, respectively. The narrow search strategy retrieved all the randomized controlled trials included in the selected systematic review.
Conclusions
The proposed PubMed search strings are able to locate potentially pertinent articles and could assist health care professionals to review the large number of MT studies efficiently.
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BACKGROUND
Evidence-based practice is a pressing issue for physical therapy [1] . The breadth and quality of research in the current literature demand a robust methodological strategy. Once the question is formulated, therapists must plan their search strategy including identification of search terms and databases.
Literature databases are widely available through the Internet, although none of these databases is totally comprehensive [2] . Bibliographic searches on a topic related to Manual Therapy (MT) are often needed in physical therapist practice. Yet, commonly-used databases often do not provide accurate indexing and coverage of publications related to MT [3] , making bibliographic searches on MT a challenge. As a result, practitioners are compelled to search multiple databases. However, the sheer magnitude of articles retrieved does not necessarily equate to quality. Indeed, each article retrieved must be carefully and critically read, a timeconsuming endeavour for clinicians.
Goldstein et al have recommended efforts to "develop and evaluate the most effective methods for facilitating physical therapist acquisition and use of available information resources for evidence-based practice" [4] . Specific search strategies have been shown to positively influence the effectiveness of literature searching [5] . Although such strategies have been developed in clinical medicine [6] , they are difficult to transpose to MT. The literature on MT is drawn from several disciplines that may use different words to describe the same concepts, a situation that requires an explicit approach to resolve [7] .
Rollin and colleagues [8] reported that 90% of high-quality intervention studies included in Cochrane reviews could be retrieved searching PubMed, the database managed by the US National Library of Medicine (NLM), which is freely accessible.
In this technical report we describe a methodology to retrieve studies on MT efficiently from PubMed by adapting a method previously developed by members of our research team [9] .
METHODS
Overview
First, we compiled a list of search terms that we deemed particularly pertinent to MT.
Then, we explored the yield of each search term in PubMed considering the number of articles identified by the individual term. For each search term we then determined the proportion of retrievable articles that could be considered potentially pertinent to MT. We then designed two search strings (one narrowly focused, one expanded), to be used in different contexts.
Subsequently we measured the search strings efficiency through the "number needed to read" (NNR) which quantifies the number of abstracts that might have to be read in order to locate one pertinent manuscript (NNR=number of retrieved abstracts/number of potentially pertinent abstracts, which is equal to 1/precision [10] ).
Finally, we assessed their capability in retrieving relevant papers taken as golden standard a systematic review on MT and chronic low back pain (CLBP) [11] . Based on the authors' combined clinical expertise, group brainstorming, and culling other terms from preliminary PubMed searches, we further identified 85 non-MeSH terms.
Selection of terms
Efficacy of search terms in retrieving abstracts
We tested all the identified search terms on PubMed, by introducing them one by one in the database in order to obtain the number of citations retrieved by each term. Limits were set for articles added to PubMed before November 1, 2011 and with available abstract. Furthermore, we added at each search string the words "NOT (animals [MH] NOT humans [MH] )".
Estimating proportions of pertinent articles
To decide the pertinence of each abstract to MT, we referred to the definition of MT adopted by the International Federation of Orthopaedic Manipulative Physical Therapists [12] . As a consequence, abstracts on both passive manual techniques (massage, traction, translation, mobilization, manipulation, etc.) and abstracts on active exercises (strengthening exercises, proprioceptive neuromuscular facilitation, active stabilization, etc.) were included. Abstracts dealing exclusively with physical modalities, medications, splints, acupuncture, or nonconventional treatments were excluded.
The proportion of pertinent articles was calculated based on a sample of 100 articles. Based on the total number of retrieved abstracts, we systematically extracted abstracts by setting the PubMed "show" function to a number per page that allowed us to select the study at the top of page for inclusion. This methodology assured that our sample would be chronologically representative.
The pertinence of each article was assessed manually by four pairs of physiotherapists (MB and SB; GD and IG; SM and JP; FD and AC) who independently examined each abstract and determined whether or not the abstract contained information relevant to the topic of MT.
Regarding inter-observer variability, in a preliminary assessment of 100 abstracts the four pairs achieved a kappa value of 0.67, 0.90, 0.98, 0.90 respectively, corresponding to "good/very-good" agreement [13] . In case of disagreement, pertinence was adjudicated by three physiotherapists (PP, CV, SF).
Formulation of search string
On the basis of the proportions of pertinent articles, we devised two distinct search strategies.
For the narrowly focused search string, we arbitrarily set an inclusion threshold of 40% of the overall yield of a term that would be pertinent to MT. This cut-off was selected so that the number of abstracts needed to be read would not exceed 2.5 (i.e. precision ≥ 40%). The expanded search string was composed by all the terms (included or not included in the narrow search string) for which the proportion of pertinent papers was calculated.
Testing the efficiency of search strings
The two search strategies were tested for retrieving pertinent abstracts on two different and well known clinical conditions: thoracic pain and temporomandibular pain. Two members of our team (PP and CV) determined relevance to MT of all the abstracts retrieved from PubMed, with limits set for papers published prior to February 20, 2013. We then calculated, for the two search strings, the number of abstracts that should be read (NNR) to find a pertinent paper regarding MT on those clinical conditions.
Assessment of search strings
We constructed a "gold standard" database of studies on MT by gathering all the references of 16 recent randomized controlled trials (RCT) retrievable from PubMed and included in a systematic review on spinal manipulative therapy for CLBP, a very common clinical condition [11] .
To assess if the proposed PubMed search strings were able to identify these 16 RCTs, we further tested the narrow search string plus the first author's name of each RCT (e.g. "Goldby LJ [1AU]"), conjoined with "AND". If this string with the author's name returned only the exact RCT, then the validity of the search string would be established.
RESULTS
Numbers of identified citations and proportion of pertinent abstracts
Fifty-six search items (11 MeSH terms and 45 non-MeSH terms) were able to extract more than 100 citations. The other 40 non-MeSH terms under study extracted less than 100 abstracts (see Appendix 1) and we did not calculate their proportion of pertinent articles.
Conversely, on the basis of the evaluated pertinence of each article, we estimated the proportions of potentially pertinent abstracts retrieved by each of the 56 search items.
Three MeSH Terms and other 12 terms were suitable for the narrow search string (proportions of pertinent abstracts ≥40%); their data are reported in Table 1 . Data on eight MeSH and 33 non-MeSH terms which did not meet the inclusion threshold for the narrow search string are reported in Table 2 .
Formulation of search string
The narrow search string is presented in Box 1 and includes those search terms that retrieved an estimated proportion of pertinent articles ≥ 40% ( Table 1 ). The expanded search string is also included in Box 1 and includes all the terms for which the proportion of pertinent articles was calculated (Table 1 and Table 2 ).
Testing the efficiency of search strings
The efficiency of the two search strings were tested on thoracic pain and temporomandibular pain. The numbers of abstracts retrieved in PubMed by each search string, the proportion of abstracts likely to be pertinent, and the corresponding estimate of NNR are shown in Table 3 .
Overall, the NNR of the narrow string was lower (more efficient) than the expanded string.
The narrow search string strategy produced 41 articles out of the 1,041 articles indexed under "thoracic pain" and "temporomandibular pain" in PubMed. Of these 41 papers, our two reviewers determined that 33 articles (80%) were pertinent, corresponding to an NNR of 1.2.
We retrieved 112 articles with the expanded search string. Of these, 59 (53%) were deemed pertinent, corresponding to an NNR of 1.9.
Assessment of proposed search strings
The narrow search strategy was able to retrieve all the 16 RCTs that were cited in a systematic review on spinal manipulative therapy for CLBP [11] . The comparable search adding the author's name produced no discernible efficiency. The expanded search string was not tested, since the narrow one was able to retrieve all the selected references.
DISCUSSION
This bibliometric technical report identified evidence-based PubMed search strings on MT for use by health care professionals. A narrow and an expanded search strategy were developed and tested. We implemented our search string strategies to locate studies relevant to MT for two clinical conditions and calculated the NNR as a measure of efficiency. The very low NNR (1.2) estimated for the narrow string gives some indication of its efficiency. In comparison, although the overall number of potentially pertinent articles almost doubled when using the expanded strategy, there appears to be a concomitant loss of efficiency (NNR=1.9). The narrow search string was able to locate 100% of the RCTs included in the systematic review by Rubinstein and colleagues [11] . We believe that this narrow search string may provide an efficient frontline approach for health care professionals who need to explore MT in practice-based situations with typical time constraints. Nevertheless, we caution that our included terms emphasize that published research on MT is heavily biased towards manipulative techniques.
The expanded search string could be useful when less precision and a larger NNR might be acceptable to the user. It could be adopted either to search literature on diseases or dysfunctions which elicit only a few articles or to explore a health condition more extensively.
However, we do not know what would be the performance of our strings in less prevalent conditions where MT is also used.
Methodologic limitations
We restricted our searching to only papers with English-language abstracts, which may constitute an inclusion selection bias. Abstract quality varies, especially in the absence of widespread implementation of standards for more informative abstracts [14] , which could lead to an exclusion bias. Our selection of non-MeSH search terms was to some extent arbitrary, based on the expertise of our team members. However, the ability of the narrow search string to retrieve most of the available pertinent abstracts for two health conditions suggests that these limitations did not greatly impact the final results. This study was restricted to PubMed, therefore, our methodology might be altered in time by changes in how studies are catalogued by key words [15] or when databases other than PubMed are more suitable [16] .
CONCLUSIONS
We constructed and tested two search strings that could be used to locate studies on MT. A time-constrained clinician could use such pre-tested strings to search for evidence relevant to a condition of interest with some confidence that the search would yield pertinent studies. 
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